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Abstract 
In the present study, the potential for the use of different amines with desalination brines for the simultaneous capture and 
conversion of CO2 into solid bicarbonates was evaluated. The focus of this work was to find the most suitable amine solvent for 
this proposed process. Various classes of amine solvents such as primary, secondary, tertiary and cyclic amines were identified 
and evaluated using the following parameters: Precipitate yield, CO2 capacity and Sodium conversion. The results showed that 
bicarbonate salts of good purity can be synthesized by bubbling simulated flue gas into amine/brine solution.  Also the sterically 
hindered amine, AMP, was found to be the best amine for the process due to its high precipitate yield and sodium conversion. 
Sodium removal above 80% was obtained when AMP was used. For all amines tested, the precipitated bicarbonate had a purity 
of over 95% while the CO2 capacity varied, with Piperazine having the highest. The obtained results demonstrate that the 
proposed process is a promising technology for the simultaneous capture and utilization of CO2 using desalination reject brine. 
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Nomenclature 
MEA Monoethanolamine 
DEA Diethanolamine 
AMP      2-Amino,2-methyl propanol 
PZ          Piperazine 
MDEA  Methyldiethanolamine 
 
1. Introduction 
   Today, CO2 has become a global concern due to the role it plays in global warming and Climate change [1]. One 
of the proposed solutions to the CO2 problem is the implementation of the Carbon Capture and Storage (CCS) 
technology [2]. CCS involves the capture of CO2 from an industrial or power-sector point source combined with its 
transport, through a pipeline or dedicated ship and ultimate storage in a geological formation.  
This has the advantage over other solutions of permitting the continued use of fossil fuels and existing energy 
infrastructures while also mitigating the environmental threat of climate change [3].   
 
However, CCS as a whole encounters a number of hurdles in the way of its implementation. These include; public 
opposition, absence of suitable regulatory and policy frameworks which would guide stakeholders and minimize 
investment risks, technical problems related to the development of efficient technologies, as well as the lack of funds 
to execute CCS projects which are generally expensive [4] [5]. 
 
These drawbacks have prompted the idea of CO2 utilization for the production of Chemicals or fuels. The benefit 
of this lies in the fact that CO2 utilization can provide revenue stream for early phase demonstration projects of CCS 
which is vital to gain both investor and public confidence in the safety and viability of CCS technology [6]. As a 
matter fact, the CO2 utilization has been a major driver of large scale CCS projects in the past few years. The Global 
CCS Institute reported that 70% of all projects in operation, construction, or financial investment decision phase of 
their asset life are all related with enhanced oil recovery (EOR) [7]. This strengthens the notion that CO2 utilization 
can support CCS deployment in its early stages of development. A host of technologies both existing and emerging 
are available for utilizing CO2. These include but are not limited to enhanced oil recovery (EOR), food processing, 
packaging and preservation, urea yield boosting, supercritical CO2 as a solvent, algal bio-fixation and CO2 
mineralization [8] [9].  
1.1. The problem of desalination brines 
In the Arabian Gulf, water desalination is heavily relied upon for the production of potable water. The total 
seawater desalination capacity in the region is about 5 billion m3/year (45% of the worldwide production) and it is 
estimated that for every 1 m3 of desalinated water, 2m3 is generated as reject brine, which is often discharged into the 
sea [10] [11] [12]. The reject brine is rich in cations, particularly Na+ ions, whose concentration ranges from 
approximate 2.3 g/L to 18.3 g/L [10] [13] [14]. This disposal practice has the potential to destabilize local seawater 
conditions, such as temperature and salinity, and may cause a significant threat to marine life [15] [16]. Therefore, 
an effective method is required to treat and manage the reject brine from those desalination plants. 
1.2. CO2 utilization with reject brines 
As Gulf countries begin to embrace CCS in the bid to reduce their high per capita CO2 emissions, it is important 
to consider CO2 utilization opportunities offered by another environmental problem which is the highly concentrated 
brine waste coming from desalination plants [17]. 
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The idea is to simultaneously capture and utilize CO2 from power plants with the reject brines from desalination 
plants to produce saleable solid carbonates. Na+ ions from the brine can be carbonated via the Solvay process [18] to 
give sodium bicarbonate and soda ash which are essential precursors for various industrial processes. These products 
can then be sold to generate revenue which would lower cost burden of CCS and encourage its deployment in the 
region [19].   
 
However, the Solvay process is not suitable when the objective is for CO2 capture and sequestration because the 
process relies on lime, the production of which leads to more CO2 emissions. Also, the ammonia used in the Solvay 
process is volatile at the temperatures of conventional CO2 capture processes. Hence, Huang and co-workers 
proposed a potentially modified Solvay process, which uses Methylaminoethanol instead of ammonia [20].  
Although a proper method to regenerate amine was not discussed in the study, but initially, it revealed a possibility 
to combine NaCl into a CO2 capture process to precipitate NaHCO3.  
 
There exist a very large number of amines which may qualify as replacements for ammonia in the Solvay process. 
Therefore, the objective of this study is to evaluate the potential of different amines in a CO2 capture process, which 
would simultaneously utilize the brine wastes and CO2 to precipitate sodium bicarbonate.  
2. Experimental 
2.1. Materials 
Analytical grade ethanolamine (MEA, 99%) 2-amino, 2-methyl propanol (AMP, 99%), methyl diethanol amine 
(MDEAı99%), piperazine (PZ = 99%), and NaCl (99%), were all purchased from Sigma Aldrich and used without 
further purification. 
2.2. CO2 absorption and bicarbonate precipitation 
The CO2 absorption was performed by using a CO2 scrubber system, the schematic of which is shown in Figure 
1. Typically, simulated flue gas was bubbled into in a stirred cell reactor containing 100 ml of amine and brine 
mixture with desired amine and NaCl concentration. The brine used was simulated and obtained by dissolving 
appropriate quantity of sodium chloride in distilled water to attain a desired concentration while the flue gas, also 
simulated, consisted of Nitrogen and CO2 combined in the ratio of 85:15. A base case process temperature was taken 
to be 40oC and the total pressure of the system was always at 1 bar. The stirred cell comes fitted with a CO2 sensor 
which logged CO2 concentration of effluent gas stream on a computer screen and through which the absorption 
reaction progress was monitored.  The absorption completes when the outlet CO2 concentration attains the inlet 
concentration and plateaus, indicating that CO2 is no longer being absorbed; it takes about 24 hours. When the 
absorption was completed, the cell content was separated with a vacuum filter and the residue was washed with 
ethanol and dried in the open air to prevent the conversion of bicarbonate into carbonate which occurs at 
temperatures above 50oC. 
2.3. Analysis 
The solid and liquid were analyzed for CO2 using a phosphoric acid titration apparatus and for Na+ and Cl- using 
the appropriate Ion Selective Electrode (Thermo Scientific Ross™ Orion Dual Star pH/ISE meter). Based on these 
results decision parameters such as precipitate yield, sodium conversion, and CO2 capacity were obtained. 
Precipitate yield is the quantity of solid obtained per 100g of solution. Sodium conversion is the percentage of 
sodium ions converted to NaHCO3, while the CO2 capacity is the mol of CO2 absorbed per mol of amine fed. 
7950   Abdallah Dindi et al. /  Energy Procedia  63 ( 2014 )  7947 – 7953 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Schematic diagram of the CO2 absorption system 
3. Results and discussion 
Three criteria have been identified with which to determine a solvent’s suitability for the process. They are the 
precipitate yield, CO2 absorption Capacity, and the liquid to solid sodium conversion rate. Experiments were done to 
determine the quantity and quality of precipitates obtainable from each solvent and how much CO2 can be captured 
and converted by the system. Based on published data on desalination reject brine in the UAE [10], the highest 
concentration of reject brine corresponds to a solution of 0.6M NaCl [10] [11] [15]. However higher brine 
concentrations were tested to evaluate potential benefits of pre-concentrating the brine prior to sending it into the 
process. 
 
3.1. Precipitate yield 
 
At a brine concentration of 0.6M NaCl, only the sterically hindered and tertiary amines, AMP and MDEA, were 
found to give precipitates although the quantities of precipitate for MDEA were low. Figure 2 gives the precipitate 
yield for different amine solutions and also shows that increasing the brine concentration results in higher precipitate 
yields, which is a consequence of the mechanism by which the CO2 reacts in the brine/amine system.  
 
At all brine concentrations, AMP had the highest yield followed by MDEA and then PZ. This can be attributed to 
the differences in the structures and the reaction mechanisms of the investigated amines. Tertiary and sterically 
hindered amines such as MDEA and AMP react with CO2 to give bicarbonate ions which are necessary to form 
NaHCO3. Meanwhile, primary and secondary amines such as MEA and DEA react with CO2 to give carbamates 
which are subsequently hydrolysed into bicarbonate ions. This behavior is largely due to the presence of bulky 
groups attached to the nitrogen atoms. Those groups may change the delocalization of lone pair electrons on the 
nitrogen atoms and result in reduction or enhancement of carbamate hydrolysis. 
 
PZ is a secondary amine, which also generates carbonate via the hydrolysis of carbamate, however, its nitrogen 
atoms bond to relatively weak electron-repellent groups that does not favor the hydrolysis of carbamate. This 
explains why the quantity of precipitate obtained from PZ/NaCl system is less than that of other amines at higher 
brine concentrations. 
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Figure 2: Effect of brine concentration on precipitate yield using 30wt% amine solution 
3.2. CO2 absorption capacity 
A major advantage offered by precipitation systems in CO2 capture, such as the amino acid salt solvent system, is 
the increase in CO2 loading capacities of the amine solvent [21]. This is due to the removal CO2 from the reaction 
system as solid precipitates of either the neutral amino-acid molecule, or a (bi) carbonate salt [22] [23]. As a result 
of this, the equilibrium CO2 pressure remains constant while the loading further increases causing the equilibrium 
position of the absorption to shift right ultimately resulting in increased CO2 absorption capacity. 
 
The amine/brine solvent system investigated also exhibited similar characteristics as the amino acid salt 
precipitation system. The equilibrium curves for the amine/brine solvent system revealed a momentary phase during 
which CO2 partial pressure remained constant or reduced slightly to accommodate the precipitation of sodium 
bicarbonate. After this phase the CO2 partial pressure continued to rise again until the complete equilibrium was 
attained. Figure 3 illustrates this momentary phase clearly. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Absorption curve showing the effect of Bicarbonate precipitation during CO2 absorption in a Brine/Piperazine solution 
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Figure 4: Effect of brine concentration on CO2 absorption capacity using 30wt% amine 
 
It was observed that the precipitation of sodium bicarbonate led to the increase in absorption capacity for the 
majority of the amines tested. Absorption capacities of the various amines are presented in Figure 4 after mixing 
with 1.8M and 0.6 M sodium chloride solutions. 
3.3. Liquid to solid conversion rate of sodium ions  
One of the primary purposes of this study is to recover the sodium ions from the reject brine in the form of 
sodium bicarbonate. Therefore, it is very important to evaluate the conversion of sodium ions from a liquid phase to 
a solid phase consisting mainly sodium bicarbonate. A good amine candidate should produce more sodium 
bicarbonate, but on the other hand, should show a high liquid to solid conversion rate. In this study, the liquid to 
solid conversion rates of sodium ions using different amines are presented in Figure 5.  
 
As it can be seen in this figure, similar to the precipitate yield, the liquid to solid conversion rate of an amine 
increases along with the elevation of brine concentration. The conversion rates of the AMP solution containing 5 
and 15 wt% of brine are about 60 and 85%, respectively.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Percentage of sodium precipitated as solids 
 
The increase in the liquid to solid conversion rate as the concentration of NaCl increases is most likely due to the 
shift of the equilibrium towards the production of NaHCO3 and more sodium is precipitated out of the solution. 
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Besides, the differences in the conversion rate of the investigated amines are probably because of their differences in 
molecular structures and reaction mechanisms as discussed earlier.    
4. Conclusions  
This work has shown that alcohol amines used for Post combustion carbon capture (PCC) can be used to 
synthesize solid bicarbonates from CO2 and rejected brine. The work compared the potential of different amine 
solvents, MEA, DEA, AMP, PZ, and MDEA as a primary alkali in the dual alkali process which converts CO2 into 
bicarbonate. The amines have been evaluated based on their ability to generate solid precipitates, CO2 capacity, and 
sodium conversion. AMP turned out to have the best performance in terms yield and conversion while PZ had the 
highest CO2 capacity. Further tests on AMP will then be done to find the best technique to recover it from the liquid 
phase. The overall process techno-economic evaluation still needs to be developed taking into consideration the 
amine recovery method, the value of products/by-products and the effect of other impurities in both the flue gas and 
the reject brine on the overall process performance and products quality. 
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